Abstract. To update and complete a collection of wild roses in the Montreal Botanical Garden, Canada, in vitro embryo culture was used to propagate several Rosa species that are only available as seeds and difficult to germinate conventionally. Using embryo culture, it was possible to overcome seed dormancy and to rapidly increase the number of species in the collection, and this from a very limited number of seeds obtained from botanical institutions located around the world.
imbibed before embryo excision. Embryos were aseptically excised (removal of the pericarp and seedcoat) with scalpel and forceps under a dissecting microscope. The germination medium consisted of Murashige and Skoog (1962) Seeds of Rosa nitida Willd., R. acicularis Lindl., and R. carolina L. (species for which sufficient amount of seeds allowed for in vivo and in vitro germination experiments) were sown in a soil mixture composed of 3 peat : 1 vermiculite : 1 perlite (by volume). In addition, intact seeds and isolated embryos of the three species were cultured in vitro (see Table  1 ). Embryos of several other species (with limited quantities of seeds available) also were cultured in vitro (see Table 2 ). The percent germination of seeds was recorded 3 weeks after sowing. Three-week-old in vitro plantlets were planted into a mixture of 3 peat : 1 perlite : 1 fine vermiculite (by volume) and transferred into a greenhouse with a photoperiod of 16 h at 50 µmol•m -2 •s -1 and 23 ± 2 °C. They were transferred into an acclimatization module in which the relative humidity was slowly reduced from saturation to 40%.
Results and Discussion
Germination of R. nitida, R. acicularis, and R. carolina was only possible when the embryo was removed from the seed and cultured in vitro (Table 1) . Isolated embryos of R. nitida and R. acicularis germinated at 100% and 93%, respectively, while embryos of R. carolina germinated at only 60%. The low germination percentage of R. carolina embryos may be due to poor seed conservation conditions before arrival at the Montreal Botanical Garden or because fruit were collected before complete maturation. In vitro plantlets of the three species were successfully acclimatized at 93% to 100% (Table 1) .
Given these successful results, embryo culture of several other species of the genus Rosa was attempted. Many species were successfully germinated in vitro, acclimatized, and transferred into the rose garden (Table 2) . Germination percentage and acclimatization success varied from one species to another, but the very small quantity of seeds received (sometimes <10) from the various botanical institutions made any statistical analyses of these percentages unreliable. Furthermore, some seeds could not be used because their embryos had aborted or been replaced by insects. The small quantity of seeds available for each species also made it inadvisable to soften the seedcoat by chemical or enzyme treatments as previously reported (Skirvin et al., 1990; Yambe and Takeno, 1992) . As the hardness of the achenes was not the same for all species, several more achenes than had been provided would have been needed to optimize these treatments for each species. Mechanical excision was thus the most appropriate way to isolate the embryos from the achenes. However, good technical skills and patience are needed for species having achenes with a very hard pericarp.
For all species tested, good shoot development was obtained on germination medium, but root apices became necrotic after a few weeks in culture. However, it was possible to acclimatize all species by transferring the plantlets into soil after 3 to 4 weeks of culture.
Thus, we were able, from a very limited number of seeds, to use embryo culture to overcome seed dormancy and to obtain several species of the genus Rosa that could not be germinated by conventional procedures. Embryo culture resulted in an increase of 29% (from 108 to 139) of the number of species of the genus Rosa in the Montreal Botanical Garden rose collection. Since rose seeds are The Montreal Botanical Garden possesses a rich collection of more than 100 species of the genus Rosa coming from all over the world. These species are typically available only as seeds. Thus, the growth of the collection is slowed by the difficulty of germinating seeds. To update and increase the number of species in the collection, embryo culture was used to obtain several species of Rosa that could not be germinated conventionally.
Through embryo culture, it is possible to study embryonic development, bypass seed dormancy, test seed viability, and rescue immature hybrid embryos from otherwise incompatible crosses (Hu and Wang, 1986) . Embryo culture has been applied to many plant species (Collins and Grosser, 1984) . In roses, where the thick pericarp and growth inhibitors in the achene cause dormancy of the seeds, breeders use embryo culture to bypass dormancy and to shorten the breeding cycles (Asen, 1948; Lammerts, 1946; Marchant et al., 1994; Skirvin et al., 1990) . In the present work, rose embryo culture was used to develop a collection of typically noncultivated wild species of Rosa.
Materials and Methods
For all experiments, seeds were stored at 4 °C upon arrival from contributors. Depending on the date of arrival, seeds were stored from 6 to 12 months before disinfection. Seeds were surface-sterilized for 1 min in 70% ethanol, followed by 45 min in 2.4% (w/v) sodium hypochlorite (NaOCl) solution with 0.1% Tween 20 (Fisher Scientific, N.J.), then rinsed three times in sterile water. Seeds were not 
